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TITLE 

BIT LINE CONTACT STRUCTURE AND METHOD FOR FORMING THE SAME 

BACKGROUND OF THE INVENTION 

Field of the Invention 

5 The present invention relates in general to a method of 

forming a contact structure. In particular, the present 
invention relates to a method of forming a bit line contact 
structure comprising an inner landing pad and a contact 
plug. 

10 Description of the Related Art 

Embedded DRAM applications demand both the utmost in 
high-performance CMOS (complementary metal oxide 
semiconductor) logic devices and high-density DRAM arrays. 
High-performance CMOS logic devices require low-resistance 

15 gate conductors and source/drain diffusions (salicidation) , 
which drive processes that are costly and difficult to 
integrate with high-density DRAM processes. For example, 
salicided gates and source/drain regions greatly complicate 
the processes for forming array MOSFETs since the array 

2 0 MOSFETs need bit line contact plugs which are borderless to 
adjacent word line conductors; also, salicided junctions in 
the array may result in increased current leakage of the 
memory device. 

In a typical DRAM array, the word lines need to be 
2 5 capped with an insulator, while in the supports the gate 
conductors must be exposed to allow the introduction of the 
dual work functions doping and salicidation. Conventional 
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solutions to these integration problems require additional 
masking steps to remove the insulating gate cap from the 
support MOSFETs prior to the salicidation process. 

In the conventional method, the contact plugs in the 
5 memory array region and the logic circuit region are 
performed individually. Usually, the contact plug process 
of the memory array region occurs before the contact plug 
process of the logic circuit region. A BPSG layer and a 
TEOS layer cover the transistors and then the stacked layer 

10 is etched to form bit line contact holes (referred to as CB 
holes) in the memory array region. The polysilicon material 
is then filled into the bit line contact holes to form bit 
line contact plugs. The contact plug process of the logic 
circuit region is performed to form gate electrode contact 

15 holes (referred to as CG holes) and junction contact holes 
(referred to as CS holes) in the stacked BPSG /TEOS layer in 
the logic circuit region. An MO etching process is 
performed to define the MO landing pad of the bit line 
contact plugs and the local interconnection between the gate 

2 0 electrode contact plug and the junction contact plug in the 
logic circuit region. 

During formation of the bit line contact plugs, etching 
through the stacked TEOS /BPSG layer is necessary. However, 
this may cause loss of silicon atoms in the substrate, 

25 resulting in serious sub- threshold voltage and damage to the 
memory ability of the capacitors. The gaps between gate 
electrodes may be too small to etch and form the bit line 
contact holes, resulting in open circuits. Moreover, the 
spacers protecting the gate electrodes may be lost during 

30 etching, resulting in open circuits. 
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SUMMARY OF THE INVENTION 



To solve the above mentioned problems, an object of 
the present invention is to provide a method of forming a 
bit line contact plug to prevent the loss of silicon atoms 
5 in the substrate during the etching process. 

It is another object of the present invention to 
provide a method of forming a bit line contact plug to 
resolve the issue of the gaps between gate electrodes being 
too small to etch and form the bit line contact plugs. 
10 It is still another object of the present invention to 

provide a method of forming a bit line contact plug to 
resolve the issue of the short circuit between the adjacent 
bit lines. 

The present invention provides a method of forming a 
15 bit line contact structure, comprising: providing a 
substrate with a transistor including a gate electrode and a 
source/drain region thereon, the gate electrode being 
protected with a first insulating layer; conformally forming 
a titanium layer on the substrate with the transistor 
20 thereon; conformally forming a titanium nitride layer on the 
titanium layer; conformally forming a tungsten layer on the 
titanium nitride layer; defining the tungsten layer, the 
titanium nitride layer and the titanium layer to form an 
inner landing pad on the source/drain region; conformally 
25 forming a passivation layer on the inner landing pad, the 
transistor and the substrate; forming a second insulating 
layer with a even surface on the passivation layer; forming 
a hole in the second insulating layer and the passivation 
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layer to expose the inner landing pad; and filling a metal 
material in the contact hole. 

The present invention also provides a method of forming 
a bit line contact structure on a substrate having a memory 
5 array region and a logic circuit region and having a 
transistor including a gate electrode and a source/drain 
region thereon, the gate electrode being protected with an 
first insulating layer, the method comprising: conformally 
forming a titanium layer on the substrate with the 

10 transistor thereon; conformally forming a titanium nitride 
layer on the titanium layer; conformally forming a tungsten 
layer on the titanium nitride layer; defining the tungsten 
layer, the titanium nitride layer and the titanium layer to 
form an inner landing pad in the memory array region to 

15 contact the source/drain region; conformally forming a 
passivation layer on the inner landing pad, the transistor 
and the substrate; forming a second insulating layer with a 
even surface on the passivation layer; forming first, second 
and third contact holes in the second insulating layer and 

2 0 the passivation layer to expose the inner landing pad in the 

memory array region, the gate electrode in the logic circuit 
region and the source/drain region in the logic circuit 
region respectively; and filling a metal material in the 
first, second and third contact holes. 
25 The present invention also provides a bit line contact 

structure, comprising: a substrate; a transistor on the 
substrate, the transistor including a gate electrode and a 
source/drain region, the gate electrode protected with a 
first insulating layer; an inner landing pad on a surface of 

3 0 the transistor and the source/drain region, the inner 
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landing pad comprising a conformal tungsten/ titanium nitride 
/titanium stacked layer from up to bottom; a passivation 
layer on the inner landing pad, the transistor and the 
substrate; a second insulating layer with a even surface on 
5 the passivation layer; a contact plug in the second 
insulating layer and the passivation layer to contact the 
inner landing pad; and an interconnecting landing pad on the 
contact plug. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 The preferred embodiment of the invention is 

hereinafter described with reference to the accompanying 
drawings in which: 

FIGS. 1A-1I are cross sections showing the method of 
forming a bit line contact plug according to an embodiment 
15 of the present invention; 

FIG. 2A is a flow chart showing the traditional method 
of forming a bit line contact plug; and 

FIG. 2B is a flow chart showing the method of forming a 
bit line contact plug according to an embodiment of the 
2 0 present invent ion . 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to FIG. 1A, a semiconductor substrate 100, 
such as a crystal silicon substrate, is provided, which has 
a memory array region I and a logic circuit region II. 
2 5 Transistors 102 are formed on the semiconductor substrate 
100, and an insulator wraps the gate electrode of each 
transistor 102. The transistors 102 are arranged compactly 
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in the memory array region I and the adjacent two 
transistors 102 have a gap 104. 

Referring to FIG. IB, a titanium (Ti) layer 112, a 
titanium nitride (TiN) layer 114 and a tungsten (W) layer 
5 116 are sequentially and conformally formed on the substrate 
100 with transistors 102 thereon. The W layer 116 has a 
thickness of about 200-400 A, and the thickness should be 
kept without sealing the gap 104 between two adjacent 
transistors 102. 

10 Referring to FIG. 1C, a mask layer 118, such as a 

photoresist layer, is formed on the stacked layer of Ti 
layer 112/TiN layer 114/W layer 116 to define an inner 
lading pad pattern for a bit line contact plug. The stacked 
layer of Ti layer 112/TiN layer 114/W layer 116 is etched to 

15 form an inner landing pad 120, also referred to as tungsten 
landing pad, as shown in FIG. ID. 

The W layer 116 can be etched by dry etching using 
Cl 2 /F 2 /0 2 or wet etching using APM solution (NH 4 OH-H 2 02-H 2 0) 
at about 4 0°C . 

2 0 The mask layer 118 is then removed to expose a surface 

of the inner landing pad 12 0, as shown in FIG. IE. 

Referring to IF, an insulating liner layer 122, such as 
silicon nitride layer, is conformally formed on the 
substrate 100 having the inner landing pad 12 0 thereon to 

2 5 prevent the dopants in a to be formed insulating layer from 
out-diffusion to the transistors 102 or the substrate 100. 
The insulating liner layer 122 has a thickness of about 110- 
130 A. 

An insulating layer 124 with even surface is formed on 
30 the insulating liner layer 122. The insulating layer 124 
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can be a stacked layer of BPSG/TEOS, which are formed by 
depositing BPSG with a thickness of about 5900-7300 A, 
performing chemical mechanical polishing to planarize the 
BPSG layer until a part of the insulating liner layer 122 is 
5 exposed, and depositing TEOS ( tetraethylorthosilicate) with 
a thickness of about 3600-4400 A. 

Referring to FIG. 1G, an etching process is performed 
to form a bit line contact hole 126 in the memory array 
region I and a gate electrode contact hole 12 8 and a 
10 junction contact hole 130 in the logic circuit region II. 
The surfaces of the gate electrode and the doped region in 
the substrate are exposed in the contact holes 128 and 13 0 
in the logic circuit region II. 

M0 etching and depositing processes are performed, as 
15 shown in FIGS. 1H and II. 

Referring to FIG. 1H, an etching process forming an M0 
landing pad and local interconnection is performed to form 
an M0 landing pad and local interconnection recesses 132 in 
the insulating layer 134, thereby defining a landing pad 
2 0 pattern and a local interconnection pattern. 

Referring to FIG. II, tungsten metal is filled in the 
recess 132 and the contact holes 126, 128 and 130. A 
chemical mechanical polishing is performed to remove the 
unnecessary tungsten on the insulating layer 124 to form a 
25 bit line contact plug 134 with the inner landing pad 120 and 
contact plugs 136 and 138 with the local interconnection. 

The traditional process, as shown in FIG. 2A, is 
compared with the present process, as shown in FIG. 2B, 
hereafter . 
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After the step 2 00 of providing a substrate with 
transistors, and before the step 208 of forming a BPSG/TEOS 
stacked insulating layer, the steps 202, 204 and 206 are 
performed in the present invention to sequentially and 
5 conformally form a Ti layer, TiN layer and W layer on the 
substrate with the transistors thereon, to define the 
Ti/TiN/W stacked layer to form an inner landing pad, and to 
conformally cover a passivation layer on the inner landing 
pad and the transistors. 

10 Moreover, the contact plugs in memory array and logic 

circuit regions are performed individually in the 
traditional method, that is, after the steps 200 and 208, 
the step 210 of performing the bit line contact holes in 
memory array region, the step 212 of filling polysilicon 

15 material into the bit line contact holes to form bit line 
contact plugs, and the step 214 of performing the contact 
holes in logic circuit region are followed. On the 
contrary, in the present invention, the bit line contact 
holes in memory array region and the contact holes in logic 

2 0 circuit region are formed in the same photolithography 
process, that is, step 210'. 

Then, the M0 etching process of step 216 and the M0 
metal process of step 218 are performed to form the inner 
landing pad and the local interconnection in the traditional 

25 method and the present invention. 

As mentioned above, the bit line contact structure 
comprises the inner landing pad, the contact plug, and an 
upper layer of the interconnection landing pad. The inner 
landing pad improves the process window of contact plug, and 



8 



Our client's ref: 91172 /92-S-26 

Our ref: 0 5 4 8 - 9 2 0 7 US /Final /Amy /Steve 

the interconnection landing pad improves the interconnection 
process window. 

Furthermore, the inner landing pad process precedes 
covering an insulating layer on the surface of the 
5 transistors; therefore, the etching time is reduced so as to 
prevent the loss of silicon atoms in the substrate during 
the etching process. The issues of open circuits resulting 
from the gaps between gate electrodes being too small to 
etch and form the bit line contact plugs and short circuits 

10 between the adjacent bit lines are also prevented. 

The foregoing description of the preferred embodiments 
of this invention has been presented for purposes of 
illustration and description. Obvious modifications or 
variations are possible in light of the above teaching. The 

15 embodiments were chosen and described to provide the best 
illustration of the principles of this invention and its 
practical application to thereby enable those skilled in the 
art to utilize the invention in various embodiments and with 
various modifications as are suited to the particular use 

2 0 contemplated. All such modifications and variations are 
within the scope of the present invention as determined by 
the appended claims when interpreted in accordance with the 
breadth to which they are fairly, legally, and equitably 
entitled. 
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